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AFIT/GLM/LSM/915-41
Abstract

This study applied a screening technigue methodology to
systematically obtain organizational consensus in the
establishment and ranking of Army surface transportation
performance measurement criteria and system design
attributes. This model was then used to assess the
feasibility of tiL.ree potential liquid propellant logistics
concepts.

A literature search identified the fundamentals of
defining and measuring transportation capability,
Departments of Defense and Transportation hazardous material
classification, liquid propellant packaging and logistics
concepts, and current distrisuticn brocedures for products
of similar commodity characteristics.

A subjective (intui*ive) research approach provided the
means for constructing a descriptive performance evaluation
model by surveying twenty-four subject matter experts from
the Army's Transportation and Ordnance (Munitions) Corps.
The application of systematic approaches in obtaining
consensus provided an.audit trail for the management problem
solving process.

The methodology consisted of nominal-interacting group
processes to develop ten system design attributes, repeated
use of the paired comparison 1instrument to weight the six

performance criteria and rank the ten attributes, and use of

x1




a scoring medel to rank order the ten attributes based on
the weighted criteria. Four senior Army transportation
managers were then asked to assess three proposed liquid
propellant logistics concepts based on the ranked system
design attributes.

Research findings supported the Army's qualitative
commitment to ensuring environmental and personnel safoety,
to simultaneously improve the operational capability of
logistics with the tactical capability of combat forces. and
to reducing the logistics burden in support of highly mobile
forces. Visual and statistical examination of the rankings
revealed sufficient evidence that the two sampled
populations have identical probability distributions and a
high degree of positive correlation (consistency).

Discrete distributioﬁ was selected as the most feasible
logistics concept. Major strengths of this system included
high reliability and maintainability of both equipment and
product packaging; flexibility in transfer, handling, speed.
and mode compatibility: lot control; and compatibility with
ex1sting concepts. A major weakness of discrete
distribution was the retrograde of empty containers:
however, the use of disposable drums could eliminate this

weakness.
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AN ANALYSIS OF ARMY TRANSPORTATION CAPABILITY
TO SUPPORT THE DISTRIBUTION OF LIQUID
PROPELLANT IN FIELD ARTILLERY APPLICATIONS

I. INTRODUCTION

Background

The Iran-Iraq War. in which over one million people

may have died, 1s stark evidence of what conflict

in the develecping world can be. More than a dozen

developing nations have 1,000 or more main battle

tanks, and a simillar number possess ballistic missiles
or have access to technologies for their development

(Rice, 1990:6).

The decade of the 1990s will pose unparalleled
challenges and risks for the global interests of the United
States and its allies. While recent events in the Soviet
Union and Eastern Europe have reduced the risk of direct
superpower confrontation. Soviet and Soviet backed forces
around the world will continue to pose a significant
security challenge. In addition, growing and increasingly
sophisticated military capabilities in the developing worid
have given rise to a complex and dangerous global security
environment (Rice, 1990:6). For example. it was technolingy
alone that made a third-world country like Irag a first-
class threat to world political and economic stability.

To meet the challenges of deterring world-wide low to
medium intensity conflicts on a high-technology battlefield.
the Field Artillery Corps is developing its first new-
generation 155mm Self-Propelled Howitzer (SPH) in over 30

years. The M109 series weapon system, shown in Figure 1,

was designed as a medium-weight, self-propelled, air




Figure 1. Self-Propelled Howitzer, M109A3

transportable carriage for the 155mm howitzer. Its mission
is to provide mobile direct support (DS) artillery fire to
mechanized, infantry. and cavalry units (Rodolfo. 1991).
The M109 SPH requires a crew of six soldiers, has a maximum
speed of 35 miles per hour, and a cruising range of 220
miles (TM 9-2350-311-10, 1991:1-7.8). Ammunition stowage
includes 22 conventilonal projectiles, 12 chemical or
illumination projectiles, and two Copperhead laser-guided
projectiles. Propellant stowage allows up to 14 M4 solaid
bag canisters and 22 mixed canisters (TM 9-2350-311-10,
1981:E1 - E-8). Maximum range of the MIB5 main qun is
14.600 meters with zone seven charges, 18,000 meters with

zone eight charges, and 23,500 meters for zone eight with




rocket-assessed projectiles (TM 9-2350-311-10, 1691:1-1 - 1-
18). Zones one through eight represent concentric circles
of distance drawn from the weapon system. Firing within
each zone requires the combination of a specific number of
bag charges and a specific gun tube elevation.

The impetus for development of this new weapon sSystem
was both the Navy's development of a water soluble. salt-
based liquid propellant and breakthroughs in advanced gun
technology such as the regenerative liguid propellant zun
(RLPG). Liquid propellants offer significant tactical and
logistical advantages over the current system of solid bag
powder. These benefits include increased firing range.
increased stowed basic load, increased rate of fire.
continuous zoning. enhanced personnel safety, greater
survivability of the weapon system and the crew. decreased
logistics burden, lower vulnerability of the propellant,.
reduced muzzle flash and blast, simplification of
autoloading mechanisms. and significantly reduced production
costs (Kelly. 1988:13; Watson et al. 1690:1).

AirLand Battle Doctrine

Army doctrine forms the basis for planning and
conducting combat operations. This same doctrine also
jJuldes the modernization. technological development. and
acquisition programs designed to maintain the force. he
Army's cornerstone of operational and tactical doctrine.
AirLand Battle, is applicable to all environments and

provides for the most efficient and effective interservice

3




integration of available combat power. Speed in mobility
and maneuver and maximum utilization of rescurces 1s
stressed in order to concentrate all available combat power
at critical points on the battlefield.

AirLand Battle doctrine is founded upon the basic
tenets of seizing and retaining the initiative, physical and
mental agility to react quickly to changing developments,
projecting combat power throughout the depth of the enemy
formation, and synchronization of combat assets against a
numerically superior enemy (FM 100-5, 1986:14-17). AirlLand
Battle doctrine envisions a very large and fluid
battleground without a fixed front. It will not be possible
to assume that airspace 1s safe or to distinguish linear
battle lines (Russ, 1988:13). The concept directs
simultaneous operations over the full breadth and depth of
the battlefield in close operations to destroy enemy front
line forces, deep operations to destroy enemy follow—on
forces, and rear operations to retain freedom of action for
sustainment of committed forces and the movement of reserves
(FM 100-5, 1986:15).

Dynamic and continuously evolving, the Army's doctrine
is designed to take full advantage of the quality and
training of American soldiers and developments in new
technology. In anticipation of future requirements, the
Army is developing a new doctrine termed AirLand Battle-
Future. This new concept will focus on the Army's

participation in joint and combined operations and form the

4




principles that the Army will adopt to guide its combat
tactics beyond the year 2000 (Rice, 1990:22).

Airl.and Battle-Future Doctrine

AirLand Battl!e—-Future (ALB-F) represents the Army's
changing orientation "“from a concept of forward deployed-
forward defense to one of forward deployed-forward presence”
(Foss, 1991:20). ALB-F depicts the changing doctrine,
training, equipment, and organizations necessary to deter
and defeat a technologically advanced, highly capable threat
force on the future battlefield.

ALB-F recognizes several important trends. First,
while technological advancements have significantly
increased the capability of modern weapon systems, these
advancements also have been accompanied by increasing costs.
The result will be a more sophisticated, smaller Army on the
future battlefield (Foss. 1991:21). Second. improved
intelligence sensors now can provide the corps commander
with the ability to detect and monitor threat forces up to
400 kilometers forward of the battle area. Finally,
improved target acquisition capability coupled with accurate
long-range fires (artillery, multiple launch rocket system
(MLRS), air. and attack helicopters) allow the corps
commander to mass long-range fires and extend the battle
zone up to 100 kilometers forward of the battle zone (Foss,
1991:22). This last point significantly increases the
premium placed upon long-range, highly accurate, highly

mobile weapon systems such as the M109 series SPH.
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From these capabilities, the Army envisions a new
battlefield structure as depicted in Figure 2. Smaller,
highly mobile forces initially will be dispersed. Upon
detecting the enemy force, the corps commander would mass
and commit his long-range fire weapon systems. and maneuver
units would form to fight a highly synchronized battle.
Following contact with the enemy, friendly force would again
disperse and reconstitute (Foss, 1991:22). Logistics units

would be dispersed in the corps rear area.

400 km Detection Zone

* Digperse
100 km Battle Zone

* Mass

* Pight

Forces

* Redisperse
Dispersed

* Reconstitute

KX
oKX

Loglstics
Base

Figure 2. AirLand-Future Battlefield (Adapted form
Foss, 1991:22)

Field Artillery Corps Doctrine

An important premise of AirlLand Battle doctrine is that

combat support units must be equally as mobile as the combat

6




maneuver units {Infantry and Armor). Field artillery
provides accurate, high volume direct (DS) and/or general
support (GS) indirect fire to the maneuver units and counter
battery fire for the destruction of hostile artillery
emplacements.

These fire support roles range from "danger close"”
(within 600 meters of friendly forces) to a maximum range of
23.5 kilometers (zone eight charges with rocket-assisted
projectiles) (Lewis, 1990). Throughout this range of
distance, accuracy of the weapon system 1s paramount. In a
danger close situation, accuracy is obviously 1important fo
defeat the enemy while ensuring the safety of friendly
forces. Likewise, at maximum range, accuracy i35 critical to
defeat pinpoint targets. Artillery fire is the Army's only
immediate, on-call indirect fire ground support weapon
system capable of attacking the enemy's follow-on echelons
before they close with friendly maneuver forces (FM 6-20-1,
1990:2-17) .

Field artillery supports all phases of an offensive
operation. Through techniques of massive bombardment,
artillery fire is used to isolate portions of the
battlefield. Artillery fire missions can be substituted for
a maneuver force against enemy positions in an economy of
force role for limited periods (FM 6-20-1, 1990:2-2). This
tactic of economy of force allows the tactical commander to
mass limited combat maneuver forces in a superior ratio to

the enemy at the point of attack. Massive, violent
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artillery fires targeted against the enemy's frontline
defenses, observation posts., command and control, indirect
fire weapons, and resgserves are used to weaken an objective
before the attack. 1In deep attacks that precede and
accompany offensive operations, artillery fire support also
can include the use of nuclear and chemical munitions (FM 6-
20-1, 1990:2-20).

During the attack, artillery fire is used to neutralize
and suppress enemy forces. Fire missions can be used to
assist friendly aircraft providing close air support (CAS)
by suppressing enemy air defense weapons; and, in
-conjunction with electronic warfare (EW), neutralize the
enemy commander's ability to command and control his unit.
(FM 6~20-1, 1990:2-2). During the battlefield consolidation
phase following an attack. artillery support fires are used
to protect reorganization and consolidation of the
objective, break up counterattacks, and prevent enemy
reinforcement (FM 6-20-1, 1990:2-4,5).

Finally, defense in AirLand Battle is not passive, but
entails uffensive operations by subordinate units. The
ability of artillery fire to maintain flexibility and
agility in controlling the tempo of the battle is critical
to reseizing the tactical 1nitiative for transition to
offensive operations (FM 6-20-1, 1990:2-20).

Combat Service Support Doctrine

The mission of combat service support (CSS) is to

maintain maximum combat power at theater and subordinate
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echelons from the port of debarkation forward into the
covering force area (FM 100-10, 1983:Preface, 1-1). The
three categories of CSS are personnel services, health
gservices, and logistics (transportation, supply and field
services, and maintenance). Together, these elements are
responsible ‘to man, arm, fuel, repair. supply. transport,
and sustain the force.

“"Forward support.” founded upon the five sustainment
imperatives of anticipation, integration, continuity,
responsiveness, and improvisation. describes the character
of combat service support under the AirLand Battle concept.
CSS planners must anticipate the needs of the maneuver
forces based both on future battle plans and on
contingencies that may develop. To ensure unity of effort,
support plans must be fully integrated into the operational
and tactical plans of the combat commander. Quick and
continuous support allows maneuver commanders to maintain
the initiative on the battlefield. Support commanders must
be responsive to meet the surge needs of the combat force
and to relocate support bases in response to enemy and
friendly action. Finally, support commanders must improvise
unconventional support measures to overcome the
unanticipated contingencies on the battlefield.

Ordnance Corps (Munitions) Doctrine. Munitions support

in the theater of operations is supplied as far forward as
transportation assets and the tactical situation permit (FM

100-10., 1983:1-7). The Theater Army Area Command (TAACOM)
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exercises command of assigned and attached ammunition units
required for operation of theaterwide ammunition services.
TAACOM responsibilities include ammunition service support
to the theater, publishing the controlled supply rate (CSR)
for major subordinate units in the communications zone
(COMMZ) . maintaining control of and dispersing COMMZ
ammunition stocks, and planning for the rotation of stocks
(FM 9-6, 1989:2-12).

The Theater Army Material Management Center (TAMMC)
provides theaterwide retail management of ammunition,
including direct requisition from the national inventory
control point (NICP) located in the continental United
States (CONUS) (FM 9-6, 1989:2-12). The TAMMC is a direct,
subordinate unit of the Theater Army Commander. As the
central commodity manager of ammunition, TAMMC prescribes
the levels of supply to be held in the combat zone (CZ) and
the COMMZ, determines the CSR for conventional ammunition,
and establishes standards and policies for selection of
sites and construction of ammunition service facilities (FM
9-6, 1989:2-12). The TAACOM Materiel Management Center
(MMC) ., an extension of the TAMMC, is the ammunition
commodity manager in the TAACOM.

Through its ammunition group(s), the TAACOM provides
general support (GS) to the theater and corps areas by
establishing theater support (TSA) and corps support (CSA)
ammunition supply areas and direct support (DS) to divisions

through ammunition supply (ASP) and transfer (ATP) points
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(FM 9-6, 1989:1-4: 2-~12). This overview is illustrated in
Figure 3. The COSCOM Materiel Management Center (MMC)
manages ammunition within the corps, and through its
ammunition group, supplies ammunition to the corps combat
divisions (FM 9-6, 1989:2-12).

Each division contains a Main Support Battalion (MSRB)
and three Forward Support Battalions (FSB). An FSB provides
combat service support to a maneuver brigade. Each FSB
operates one ammunition transfer point (ATP) designed to
support a three to four battalion maneuver brigade with an
assigned or attached direct support (DS) artillery battalion
(FM 9-6, 1989:2-8 - 2-12) -

The brigade ATPs are located between 15 and 30
kilometers from the forward line of own troops (FLOT). An
additional ATP may be established in the division rear by
the MSB. Each ATP is equipped to provide a capability of
450-to 600 short tons (ST) of ammunition per day (FM 6-20-1,
1990:7-31) .

The Corps Support Command (COSCOM) establishes
ammunition supply points (ASP) within each division zone of
operations. COSCOM ASPs are iocated between 45 and 60
kilometers from the FLOT (FM 9-6, 1989:2-8,9). The number
established is determined by demand and the number of direct
support ordnance compania2s available to the corps. These
ASPs must handle all of the division ammunition requirements

not filled by the ammunition transfer points (ATP) and
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Ammunition Flow within the Theater Using the
Maneuver Oriented Ammunition System (MOADS)

Figure 3.
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satisfy up to 20 percent of the ATP demands (FM 9-6, 1989:2-.
9 - 2-12). Combined, the ASPs and ATPs supporting one
division should be able to issue 4,000 ST of ammunition per
day in support of above—average demands for limited periods
of time (FM 6-20-1, 1990:7-32).

Transportation Corps Doctrine. The mission of the

transportation system in a theater of operations is "the
timeiy delivery to planned destinatio > of both effective
combat forces and the means for their sustained support"” (FM
100-10, 1983:1-10). Transportation requirements are
assessed by point of origin, intermediate links and nodes,
and destination. The quantity of suppiies required to
sustain the forward deployed force becomes a major work load
factor against which the structure of the transpcortation
system is defined (FM 100-10, 1983:1-7). Having determined
the quantity of personnel, cargo. and equipment to be moved,
these force increments are sequenced in order of desired
arrival at destination (FM 100-10, 1983:1-10).

Movement within the transportation network is governed
by four basic principles. These principles are centralized
control, regulation. fluidity and flexibility, and maximum
use of carrying capacity (FM 55-10, 1986:1-1). Control of
transportation movemen.s is centralized at the highest level
capable of adequately exercising control, i.e., the
commander tasked with providing integrated logistical
support. Extensive regulation and coordination of movements

are required to support highly mobile forces and to prevent
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congestion and conflict with competing users (allied forces,
civilian commerce/refugees, etc.). The transportation
system must possess the capability to divert or reroute
movement to provide an uninterrupted flow of traffic.
Finally. transportation capacity cannot be stored.

Partially loaded or idle assets are both examples of wasted
capacity.

As depicted in Figure 4, the theater Transportation
Command (TRANSCOM) exercises command of assigned and
attached Army transportation units required for the
operation of theaterwide trangportation services. TRANSCOM
is functionally organized to support the theater and to
provide the capability necessary to accomplish the
transportation mission iﬁ.the COMMZ. This capability may
include motor transport groups. rail groups, terminal
groups, and aviation battalions. While TRANSCOM commands
the transport units of the COMMZ, these assets are managed
and tasked by the Theater Army Movement Control Agency
(TAMCA) (FM 55-10. 1986:5-1).

TAMCA provides theaterwide movement management services
and highway traffic regulation within the theater and
exercises centralized movement management within the COMMZ
(FM 55-10, 1986:1-4, 4-1). The TAMCA is a direct,
subordinate unit of the Theater Army Commander. As the
central movement management agency., TAMCA provides
coordination of U.S., allied, and host nation forces;

prepares movement and port clearance plans and programs;
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controls movement control teams; and provides technical
supervision of corps movement control centers (MCC) (FM 55—
10, 1986:1-4, 4~1). Finally, the TAMCA is responsible for
coordinating and monitoring the transport of all intransit
shipments from the continental United States (CONUS) or the
COMMZ from origin to final destination (FM 55-10, 1986:9-1,
9-2).

In the Corps area., centralized movement management is
provided by the Corps Support Command (COSCOM) Movement
Control Center (MCC) (FM 55-10, 1986:1-5). COSCOM MCC
authority and responsibility are essentially identical to
those of the TAMCA, but are limifed by echelon of command.
geographic area, and available resources (FM 55-10, 1986:6-
1). The MCC coordinates the movement of Theater Army
transportation assets operating in the combat zone (CZ) and
coordinates retrograde movement from the CZ to the COMMZ
with the TAMCA. All movements between the COMMZ and the
corps area must be coordinated between the TAMCA and the
corps MCC to prevent overiocading of any segment of the
transportation system (FM 55-10, 1986:1-5, 9-4).

Modernization

The Army is continuously modernizing its equipment to
maintain the technological advantage over a threat force
that 1s superior in numbers. While political changes are
taking place within the Soviet Union and its allies, they
still continue to modernize as they eliminate obsolete

equipment and excessive troop strength. In the foreseeable
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future, Soviet forces will remain the major potential
adversary against which the Army must measure 1its
capabilities and readiness (Rice 1990:37).

Developing world countries dramatically have improved
thelr forces in quantity and quality. A rising number
possess capable forces with modern weapons that can
influence regional balances of power and hold wvital U.S.
interests at risk. The recent crises of Operation Just
Cause in Panama and Operations Desert Storm in the Middle
East provide clear evidence of the dangers inherent in the
unstable international environment. They demonstrate the
need to continuously modernize, train, and maintain a ready
Army (Rice, 1890:5).

Technology is the key to the Army's long-term force
modernization, with less emphasis placed on marginal near-
term advantages through modification of outdated systems
(Rice, 1990:37-45). The goal is to invest in technologies
that will enable the Army to provide its forces with the
sophisticated and reliable equipment necessary to defeat
lncreasingly capable threats around the world.

Liguid Propellant Technoloqgy

Solid propellant guns. using either bag or cartridge
charges, have existed in their present form for almost 100
years (Future Close Combat Vehicle System Phase 11, 1983:3-
1). While periodic research efforts began investigating the
application of liquid propellants as early as the end of

World War II. only recently have developments in propellant
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and gun technology made such concepts practical for military
appiication. High energy content was perceived, 1n the
early studies, as the primary advantage for exploring liquid
propellant concepts; however, more recent studies cited the
propellant’'s fluid nature and more benign chemical
characteristics as the principle féctors in ascertaining
military value (Morrison, et al., 1687:1).

The Key problem with solid propellant 1s that it 13
actually a nigh explosive that must be formed into grains of
specific size and geometry to obtain a controlled rate of
gas release required by a particular caliber of gun. Even
for a particular caliber of gun, the propellant design
parameters have to be adjusted 1f the mass of the
projectiles being fired varies significantly (Technology
Assessment, 1983:3-1). Conventional gun designs control the
rapid generation of the solid propellant charge through the
linear burning rate and total burning surface of the
propellant grains.

The loose granular propellant 1s sewn into silk bags
which are hand-loaded separately behind the projectile 1in
the gun tube. A standard package charge contains several
bags. each one containing a different amount of powder.
Velocity control 1s achieved by selecting which bags are
used. 1.e., bags are removed to achieve the necessary
propellant combination for the zone of fire. Continuous
range capability 1s achieved by varying the angle of fire

for any particular charge weight.
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Bag charges also have a number of operational
disadvantages which have led to the development of
alternative charge concepts. Several of these disadvantages
are: all unused charge increments must be destroyed: a
considerable amount of packaging material is used 1in
transporting these charges; the hand-loading process 1S
highly susceptible to human error: and the structural
composition of the bags is such that automation of the
loading process for the battlefield environment is extremely
difficult (Stark. 1984:8).

Liquid propellant concepts overcome these disadvantages
by forming the charge at the gun by metering a variable -
amount of propellant directly into the breach. Morrison,
Knapton, and_Klingenberg noted many potential advantages 1in
the application of liquid propellant technology to a 155mm
self-propelled howitzer system. These included a doubling
of onboard ammunition storage, a simblification of auto-
loader mechanisms, increased rate of fire, and enhanced
stockpiling characteristics. Moreover, advantages specific
to the use of a hydroxylammonium nitrate (HAN) based
propellant and a regenerative liquid propellant gun (RLPG)
were 1ncreased safety, continuous 2zoning, reduced
vulnerability of the propellant. reduced muzzle flash and
blast., and increased range for acceleration of sensitive
projectiles (Morrison et al, 1983:2-10). However, perhaps
the most significant advantage would be realized in the cost

savings of propellant production. The packaged cost per
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pound of a HAN based propellant was estimated at
approximately 10 percent of a conventional M3Al solid
propellant charge (Morrison et al, 1983:15).

Thus the Army's interest 1in liquid propellants for
field artillery application is based on four factors: a
single propellant without modification could be used in a
wide assortment of guns; the realization of a much higher
muzzle velocity: the possibility of eliminating the
cartridge case 1n high performance ammunition; and the
pumping of the propellant from a storage container remote
from the gun (Future Close Combat Vehicle System Phase TIT.,
1983:3-3., 3-6). In self-propelled artillery. remote pumping
woirld allow formerly 1naccessible interior spaces to be usad
for propellant storage and 1t would make possible "single
chambering"” of the complete round and thus automatic
loading. Further., automation of the loading process could
potentially reduce the number of personnel required and
possibly the size of the weapon system (Technology
Assessment. 1983:3-3).

Justification

Logistics has been subordinated in past weapons
developments. We have the best main battle tanks
in the world - but how do we still load them?

BY HAND THROUGH THE TURRET, ONE ROUND AT A TIME!
This is a totally unacceptable when under fire.
(Lewis, 1990)

The Army is continuously applying new technologies in
the development and acquisition of advanced weapon systems

to ensure that 1ts numerically inferior forces will maintain
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the technological advantage on the battlefield. However,
most new weapon systems have been designed without the co-—
development of a supporting logistics system. This
subordination of logistics has later proven detrimental to
combat effectiveness.

A classic example of this situation is the Army's M1
Main Battle Tank. Acquisition of the weapon system did not
consider the need for a method of ammunition resupply while
in a combat environment. As a consequence, the tank must be
rearmed one round of ammunition at a time through the main
hatch on the top of the turret. This can not be
accomplished under conditions of fire and maneuver without
placing the weapon system, personnel, bulk ammunition
supply. and the ammunition resupply vehicle‘at considerable
risk.

Research Objective

This thesis will analyze Army surface transportation
performance measurement criteria and system design
attributes for liquid propellants in Field Artillery
applications. Transportation by motor vehicle, rail, and
inland waterway (lighterage) will be analyzed. The Army, in
a joint effort between the Army Armament Research
Development and Engineering Center (ARDEC) and the Army
Laboratory Command (LABCOM), 1s conducting an Advanced
Development Program to evaluate a Liquid Propellant Gun and
Ammunition System for the next generation Field Artillery

application in the 155mm Self-Propelled Howitzer.
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Development of the Regenerative Liquid Propellant Gun (RLPG)
has yielded significant improvements 1in weapon system
capabilities. However, development of logistics support
doctrine was initially postponed pending determination.
through operational testing, of the liquid propellant's
inherent characteristics and the weapon system's operational
requirements.

Problem Statement

No comprehensive analysis has been performed to
identify the performance measurement criteria and design
attributes of an Army surface transportation system
necessary to suppcrt the distribution of liquid propellant
in Field Ar.. .ery applications. The development of
transportucion doctrine 1is dependént upon the inherent
char..cteristics of the propellant; the selected method of
p.ckaging: the operational requirements of the weapon
gystem: and the cargo capabilities of the motor wvehicle,
rail, and inland waterway (lighterage) transportation assets
currently available or emerging in the Army inventory.

Investigative Questions

1. What 1is transportation capability? What are the
principles involved 1n measuring transportation capability?
2. What are the Departments of Transportation and

Defense classification procedures for newly developed
hazardous products?
3. What are the proposed liquid propellant packaging

requirements and logistics fielding concepts. based on the
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inherent characteristics and applicable hazard
classification?

4. How have other organizations planned for the
trangsport of liquid propellants and other products of
similar commodity characteristics?

5. What are the relative strengths and weaknesses of
the proposed logistics fielding concepts for liquid
propellant in Field Artillery applications?

a. What are the relevant surface transportation
performance measurement criteria for evaluating logistics
fielding concepts?

b. What are the relevant system design attributes
which must be considered for inclusion into the final
selection of a liquid propellant logistics fielding concept?

Assumptions

Three propellants are currently under development by
the Army: liquid propellant, unicharge. and electro;
thermal. Based on the current research emphasis and the
inherent limitations of electro-thermal and unicharge
concepts, this thesis assumes that liquid propellant will be
selected for the next generation field artillery
application. The second assumption 1s that transportation
capability must be assessed based on assets currently in the
Army inventory or under acquisition. Funding for
development of new transportation assets usually fairs less
favorably than the primary weapons system (Kelly, 1988:67).

Third, since liquid propellant and the primary weapon system
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are 1n the development and testing stage, assumptions must
be made as to the final packaging configuration.

The package may be a technical compromise based on the
implications of the tentacles of packaging. All
participants, from production through logistics to the
user. must support the method of packaging. (Acton.
1990)

Scope and Limitations

Although there are many segments of the transportation
pipeline. this thesis will analyze only Theater Army surface
transport by motor vehicle. rail, and inland waterway
(lighterage) from the port of debarkation to the brigade
ammunition transfer point in the theater of operations.

This will encompass analyzing each segment of the Theater
transportation pipeline from the port to the Theater Army
and Corps Support Command ammunition supply points., and
ultimately to the Bfigade Forward Support Battalion (FS3$B)
ammunition transfer point. The European theater was
selected for analysis because initial fielding of the liquid
propellant and weapon system 15 programmed for fielding to
units of the V and VII Corps.

Summar

Field Artillery operations are an integral component of
the Army's AirLand Battle tactics, serving as a force
multiplier and providing economy of force. Artillery
provides accurate and high volume indirect fire support and
counter battery fire support to the task force maneuver
units. The Army has been working to develop safe and

insensitive propellants to replace highly explosive

24




propeilants for gun propulsion systems. One such approach
has been liguid propellants. Liquid propellants offer
numerous benefits over the current system of solid bag
powder, the most notable of which are i1ncreased range of the
weapon system, reduced sensitivity of the propellant, and
reduced production cost.

The purpose of this research study is to identify the
most 1mportant performance measurement criteria and design
attributes of an Army surface transportation system required
to support the new generation of 1535mm Self-Propelled
Howitzer. This study will quantify the success—-dependent
qualitativé characteristics of a surface transportation
system necessary to sustain the desired level of customer
service through the logistics chain and to the ultimate
user.

Chapter II. Literature Review, provides a basic
understanding of transportation capability and capability
measurement., hazardous material classification, liquid
propellant packaging and fielding concepts, and current
planning procedures for the transport of liquid propellants.
Chapter III, Methodology. describes the method of problem
solution through field surveys and prioritization matrices.
Chapter IV, Data Analysis and Findings. details the
statistical and analytical results of the field survey.
Finally, Chapter V, Conclusions and Recommendations, answers
the research question for recommending selection of a ligquid

propellant logistics fielding concept.
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II. Literature Review

Overview

The first four investigative questions of Chapter I
provide the structur: for performing both the literature
search and experience surveys. The literature search
provided background knowledge on previous research in the
areé of study. Recognizing that only a fraction of all
knowledge in a field is documented, the experience survey
was used to supplement the literature search by seeking
information from persons knowledgeable in the field of
transportation and liquid propellant technology (Emory.
1985:63). These persons helped to focus the research effort
by contributing their thoughts on which were the important
issQes and aspects of the study. The experience survey also
aided in providing insight into the relationships and
variables under study (Emory., 1985:169-171).

This chapter begins by first defining transportation
system capability and a discussion of two approaches to
measuring system capability. Next. a review of the
Department of Transportation (DOT) procedures for product
classification is presented with an examination of
Department of Defense (DOD) procedures for mandatory
compliance with the DOT requirements. Third, an examination
1s conducted of the proposed liquid propellant packaging
requirements and logistics fielding concepts. Fourth, an

overview is presented of current planning procedures used by
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other organizations for the handling, storage, and transport
of products with commodity characteristics which are similar
to those of liquid propellant. Finally, this chapter
concludes by presenting an assessment of the research
maturation found in the literature search.

Transportation Capability Assessment

Manheim pictured a total transportation system as a
single, multimodal system operating within an external
environment (Manheim, 1979:11). The identification and
analysis of a transportation system requires equal
consideration for the characteristics of the product
transported, the various modes upon which the product will
be conveyed. and the network of modal facilities through
which the product will be transported (Manheim,_1979:12—13).

User and operator options, or decision variables,
affect mode selection within the transportation system
(Manheim, 1979:15). The user specifies the required volume,
delivery time/date. and destination based on actual and
forecasted use. The transportation operator makes decisions
on mode selection, routes, schedules, quantity of assets
employed, and physical facilities used to achieve a desired
ievel of user support.

Transportation mode selection also is affected by
technolcgy., assets, network characteristics, and
organizational policies (Manheim, 1979:15-17). The
development and procurement of new transportation

technologies enables demand to be satisfied at lower costs,
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increased volume, and higher levels of user support. Also,
each transportation mode has a finite number of assets
available for use; and not all modes may be available at the
same time, or to a single operating manager. This option
also includes the number of assets available in the system
and their characteristics (Manheim, 1979:16).

Network characteristics include the geographic location
of the transportation links and nodes (Manheim, 1979:16).
Nodes are the facilities, such as the port of debarkation,
inland port terminals, intersections, trailer transfer
points, and rail yards. Links are the rights—of-way, such
as the highways., waterways, and rail lines. Finally,
organizational policies include a wide variety of
management, organizational, and institutional doctrines, as
well as decisions abouf functional and geographic
operational structures (Manheim, 1979:17).

The entire transportation system is composed of many
components linked together as sets of subsystems. These
subsystems are envisioned as a network of facilities for
movement or transfer (Manheim, 1979:16). Analysis of the
pattern flows in the transportation system (the origins.
routes, destinations, and volumes of the product moving
through the system) provides an understanding of system
behavior and a means of predicting the effects of internal
and external changes (Manheim, 1979:163-173). This is

accomplished by focusing on those aspects of transportation
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that provide the greatest impact on system performance
(Manheim, 1979:173).

Service 1s the most important aspect to the user, while
agssets required and resources consumed are the most
important aspects to the operator. An analysis of
technology., assets, network characteristics, and
organizational policies is performed with the primary aim of
understanding their impact on the level of service provided.
assets used, and resources consumed by the transportation
system (Manheim, 1979:163-173).

Hay defined a transportation system model as including
two principal components: +he physical elements of the
system and the environmental or regional elements. Physical
elements - include vehicles, terminals, people, and
activities. The environmental elements consist of factors
such as location and climate (Hay, 1977:18). Hay also
suppdrted Manheim's approach of developing a model of a
transportation system that can be represented graphically to
show the capacity of the various factors and their relative
relationships (Hay. 1977:540-342).

Manheim defined capability as a level of service, or
the maximum number of items per unit of time that can be
processed through a component of the system (Manheim,
1979:268-271). In quantitative analysis, this is known as
the "critical path." Hay also defined transportation
capability in terms of a level of service required to meet a

volume of demand. The specific characteristics of a
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trangsportation system that provide service for a volume of
demand include: capacity., speed, accessibility,
flexibility, and frequency. According to Hay. the capacity
of a transportation system is a function of vehicle
capability, vehicle speed, and route capacity (Hay,
1977:265-267) .

Measurement of Transportation Capability. Manheim

defines capability as both physical capacity., the maximum
volume of product that can be processed through the system
per unit of time, and practical capacity, a lower level of
volume that recognizes that delays of some magnitude are
still tolerable (Manheim. 1979:271). Measurement of the
maximum level of material processed through a system
requires five types of mathematical models: service,
resource, demand, equilibrium, and activity-shift (Manheim.
1979:30-31).

The service model calculates, based on a specific set
of options, the achievable levels of service as various
product-flows move through the system. Second. the resource
model calculates the resources required to meet that level
of service. Next, the demand model calculates volume of
product demanded by the user at various levels of service.
Fourth, the equilibrium model calculates the volume of
product flowing in the total transportation system as a
function of the level of service and user demand. Finally,
the activity—-shift model is a feedback loop designed to

predict long-term changes in the distribution and structure
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of the transportation system resulting from the short-term
equilibrium calculations (Manheim, 1979:30-31).

Hay measured capability by the quantity of product
which can be moved per unit of time between two points by a
given combination of fixed assets and facilities (Hay.
1977:538). Sources of traffic requirements are identified
and evaluated for their maximum generated potential. Then,
traffic routes, modes, volumes, capacities, vehicle trips,
and destination points are determined and compared to
required capacity (Hay, 1977:480).

Hay argued that no fully acceptable mathematical model
has been developed to permit complete evaluation of a
transportation system (Hay, 1977:538). Thus. the graphical
representation must be broken down through analysis of the
relationships between the subsystems. These relationships
must be quantified and evaluated by minimizing cost to
achieve maximum capacity for a given level of resources
(Hay, 1977:538-539).

Both Manheim's physical capacity models and Hay's
analysis of subsystem relationships for measuring
transportation capacity are dependent upon the physical
properties of the commodity. These characteristics
determine the packaging, handling, transportation, and
storage requirements of the product. The next section will
examine the Departments of Defense (DOD) Transportation
(DOT) mandatory hazard classification tests for newly

developed hazardous products.
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Department of Defense Explosives Hazard Classification
Procedures

Background. Two hydroxyammonia nitrate (HAN)-based
propellants, designated LP 1845 and LP 1846, are being
tested as a potential replacement propellant in the 155mm
Self-Propelled Howitzer. An explosive material normally is
assigned an interim hazard classification for use during
research and development. and then a final classification 1is
assigned prior to the material's release into operational
service inventory (Technical Bulletin 700-2, 1989:9-1). It
1s the responsibility of the Department of Defense component
(DODC) sponsoring development of, or first adopting for use.
an explosive material to generate the necessary test data to
assign an appropriate hazard classification (TB 700-2,
1989:3-1).

Procedures for hazard classification of ammunition and

explosive items are contained in Department of Defense

Explosives Hazard Classification Procedures (Army TB 700-2,

Navy NAVSEAINST 8020.8A, Air Force TO 11A-1-47, Defense
Logistics Agency DLAR 8220.1). This publication establishes
common DODC procedures for testing and interpreting the
reaction of ammunition and explosives to specific
"initiating influences" (TB 700-2, 1989:1-1). Based on the
material 's reaction. the manual prescribes the procedures
for assigning the Department of Defense (DOD) Hazard
Class/Division, DOD Compatibility Group. Department of

Transportation (DOT) Hazard Class, DOT Shipping Descraiption,
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DOT Label. United Nations (UN) Number, and North Alantic
Treaty Organization (NATO) Standard Nation Agreement
(STANAG) No. 4123 data (TB 700-2, 1989:3-1, 8-2).

However, TB 700-2 does not contain a formal methodoclogy
for the hazard classification of liquid propellants
(Herrera, 1990:1). Instead, the manual prescribes that,

In the case of liquid explosives/propellants, the

sponsoring organization will convene a committee

of experts to establish and assure performance of

a test series to qualify the liquid for hazard

classification which is analogous to that required

by this document for solid explosives. Liquid

explosives and propellants will be classified

using test procedures established by the

developing DODC and approved by the Department of

Defense Explosives Safety Board (DDESB) on a by-

case basis. (TB 700-2, 1989:1-1) -

In the absence of a formal testing protocol, the two liquid
propellants were assigned an interim hazard classification
of 1.3 Class B Explosive (Herrera, 1983:1, 1990:13). This
classification will remain in effect during the research

stage of product development.

Hazard Class/Division. The hazard class is a numerical

designator assigned to denote whether the propellant is
either explosive or poisonous (toxic). In the United

Nations publication, Transport of Dangerous Goods, a hazard

class designation of 1 identifies explosives while 6
identifies poisonous (toxic) material (TB 700-2, 1689:4-1.
4-2). The hazard division 1s a numerical designator
assigned to denote the character (aggregate physical
features and traits). predominance ¢f the associated

hazards and potential for causing casualties or property
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damage. As illustrated in Table 1, there are five divisions
within hazard class 1 (explosives) that indicate the type of

hazard (TB 700-2., 1989:4-1).

Table 1

Hazard Class 1 Divisions (TB 700-2, 1989:4-1)

Hazard Class/Division Hazards
1.1 Mass explosion
1.2 Non—-mass explosion
1.3 Fragment producing
1.4 Moderate fire, no blast, or
fragment
1.5 Explosive substance, mass

explosion, or Ammunition
article, unit risk

Also, when required to describe the hazard., a
supplemental numerical designation will be placed to the
left of the Hazard Class/Division for 1.1 thrbugh 1.3 (e.g..
(12)1.1. (08)1.2, or (06)1.3). This designator is used to
denote the minimum separation distance, in hundreds of feet,
to ensure specified separation distance from hazardous
fragments of firebrands produced by ammunition and explosive
items. A minimum distance designator is mandatory for all
items in hazard class/division 1.2 (TB 700-2, 1989%9:4-1).

For all items in hazard class/division 1.1 and 1.3, a
minimum distance designator 1s mandatory only where a
minimum separation distance from limited quantities exceeds
that specified by the applicable explosives quantity-

distance table. DOD 6055.9-STD (TB 700-2, 1989:4-1).
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Storage Compatibility Group. Ammunition and explosives

are assigned to one of 12 storage compatibility groups (TB
700-2, 1989:4-1). Of these, only the first three groups., A,
B, and C as presented 1in Table 2, are applicable to the

liguid propellants under consideration by the Army.

Table 2

Storage Compatibility Groups (TB 700-2, 1989:4-1, 4-2)

Group Description

A Initiating explosives. Packaged initiating
explosives that have the necessary sensi-
tivity to heat, friction, or percussion to
make them suitable for use as initiating
elements in an explosive train. Examples are
lead azide. styphnate, mercury fulminate,
and tatracene.

B Detonators and similar initiating devices.
Items containing initiating explosives that
are designed to initiate or continue the
functioning of an explosive train. Examples
are detonators, blasting caps., small arms
primers, and fuses without two or more safety
features.

c Packaged propellants, propelling charges. and
devices containing propellant with or without
their means of ignition. Items that upon
initiation will deflagrate or explode.
Examples are single-, double-, triple-base,
and composite propellants, rocket motors
(solid propellant), and ammunition with inert
projectiles.

United Nations Number. The United Nations publication

Transport of Dangerous Goods, ST/SG/AC.10/1, lists four-

digit numerical designations for the international transport

identification of goods and materials. These codes also are
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listed in "Title 49.," Code of Federal Requlations, Part 100

to 127. paragraph 172.102 (TB 700-2., 1985.4-2).

Classification Methodology for Liquid Propellant.

Herrara conducted an in-depth literature search of past
criteria, procedures. and tests used to classify solid
propellants. He then made an assessment of the available
published information to determine if the current procedures
could equally be applied to the evaluation of liquid
propellants (Herrera, 1983:1,2). From his findings, he
selected the following documents to develop test procedures
and a pass/fail criteria:

North Atlantic Treaty Organization. Manual of Tests for

Qualification of Explosive Materials for Military Use.
NATO AQP-7. August 1986.

United Nations. Recommendations on the Transport of
Dangerous Goods: Tests and Criteria (First Edition).
NY: United Nations, 1986.

Department of Defense, Explosives Hazard Classification
Procedures. TB 700 -2. 1986.

Herrera used Technical Bulletin (TB) 700-2 as the
principal model for establishing a hazard classification for
liquid propellants. While NATO AOP-7 provided procedures
and tests for classification, the corresponding acceptance
criteria were omitted. The United Nations document
prescribed procedures for testing and interpretation of
data. but relied on the competency of the testing authority
for discretion in interpreting the results. As with the
NATO document, this manual also lacked criteria to establish

hazard classification (Herrera, 1990:1).
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TB 700-2 prescribed procedures, tests, and criteria for
establishing a hazard classification for ammunition and
explosives. The only modifications necessary were to the
test equipment. HAN-based liquid propellants are sensitive
to decomposition by transition metals and chemically
incompatible with many other materials. Containment in
compatible containers was incorporated where required
(Herrera, 1990:1).

Az 1llustrated in Figures 5 through 7, Herrera
developed a methodology for hazardous classification that

accounts for the various methods of ignition ligquid

Liquid . Screening Explosive
Propellant Be Tests — ™ Reaction
v ¥ — v
No Explosive
Reaction Class A Class B
T A )
Y A 4
Critical Critical
Mass Diameter

No Explosive| Explosive
Reaction Reaction

Hazard
Claggification

Figure 5. Hazard Classification (Herrera. 1983:13, 1990:3)
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Figure 6. Explosive Reaction (Herrera, 1983:13, 1990:3)
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Figure 7. No-Go Reaction (Herrera, 1983:13, 1990:3)




propellant could potentially experience in 1ts environment.
Once a propellant displays a positive explosive reaction 1n
any one of the laboratory screening tests, furtier sting

is continued to determine 1f the propellant is a Class A or
B explosive. Full-scale critical mass and diamefer testing
subsequently will confirm the laboratory classification of

the propellant.

Department of Transportation Hazard Class, Marking. and
Label Procedures

The procedures specified in "Title 49-Transportation,”

Code of Federal Requlations, along with the results of

mandatory DOD and NATO testing will be used for assignment
of appropriate Department of Transportation hazard class,
shipping description, and label (TB 700-2, 1989:4-1). These
tests and'their‘respecﬁive results are described below.

Transportation Hazard Classification Testing.

Mandatory interim classification testing. or screening
tests., must be performed prior to full-scale packaged end
item tests for approval of hazard classification (Herrera,
1990:3, 13). Full scale tests subsequently must be
performed to test the sensitivity of the propellants under
simulated conditions as encountered 1n manufacture, storage,
transportation. and user environments. Under the shock of
loading. liquids of all types generate hydraulilc pressures.
These pressures are contingent upon the critical mass.
degree of confinement., and density of the liquid (Herrera,

1983:1). Mandatory testing is required by "Title 49," Code
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of Federal Requlations for transportation and by NATO STANAG

No. 4123 and DOD for storage hazard classification (TB 700-
2, 1989:5~1 - 5-7). These mandatory tests include:

Detonation

Ignition and Unconfined Burning
Thermal Stability

Impact Sensitivity

Card Gap

b WM

Detonation Test. The test apparatus is

constructed as outlined in JB 700-2. A solid lead cylinder
head. 1-1/2-inch diameter by 4-inches high, is placed upon
one piece of mild steel plate, 1/2-inch thick by 12-inches
square, SAE 1010 to 1030 (TB 700-2, 1989:5-3). The liquid
propellant sample, housed in a decontaminated polyethylene
bottle 2-inch diameter x 2-1/2-inches high, is placed on top
‘of thevlead cylinder (Herrera, 1990:6). A No. 8 blasting
cap is placed perpendicular to and in contact with the
propellant surface. The cap is detonated and reactions are
recorded. If the lead cylinder is deformed in excess of
1\8-1inch, detonation has occurred. The test 1is fepeated

five times or until detonation occurs (TB 700-2, 1989:5-3).

Table 3

Detonation Test Results (Herrera., 1990:11)

Sample 1D Detonation Reaction
LP 1845 None
LP 1846 None

40




The results of the detonation test are listed in Table
3. No detonation occurred during the test for either LP
1845 or LP 1846. The DOD regards this test as one of the
most critical of the mandatory testing requirements
(Herrera, 1990:11). Also, the absence of sympathetic
detonation, which could lead to mass detonation, enhances
the survivability of the weapon system and its crew. Had
detonation occurred, the propellant would have been
classified as a DOT Class A hazardous material with a DOD
class/division 1.1 designation (mass detonable) (TB 700-2,
1989:5-9; Herrera, 1990:11).

Ignition and Unconfine: Burning Test. This test

is conducted in two phases, once with only one bottle of
propellant -and once with four bottles placed in a single row
1n contact with each other. Each phase is repeated twice to
confirm the results. A 12 x 12 x 4-inch stainless container
is filled to a level of 1\4-inches thick with Kerosene-
soaked sawdust (TB 700-2, 1989:5-3). The liquid propellant
sample, housed in a decontaminated polyethylene bottle 2-
inch diameter x 2-1/2-inches high, is placed in the center
of the sawdust container (Herrera, 1990:6). The saw dust 1is
ignited and reactions are recorded. The second phase of the
test is conducted with four bottles of propellant placed in
a row, each in contact with the next bottle (TB 700-2,
1989:5-3) .

The results of the ignition and unconfined burning test

are listed in Table 4. No reaction occurred for either LP
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1845 or LP 1846 when exposed to burning sawdust soaked with
kerosene (Herrera, 1590:11). This test simulates two
conditions: a fire in a storage location and whether
thermal heat transfer can initiate a detonation. If the
test conditions had resulted in a detonation, the propellant
would receive a classification of DOT Class A, Type 4
Explosive, and . . ."[would] not be shipped until
instructions are received from the Office of Hazardous
Materials Transportation, Department of Transportation" (TB

700-2, 1989:5-3).

Table 4

Ignition and Unconfined Burning Test Results
(Herrera, 1990:11)

Sample 1D ) Detonation Reaction
LP 1845 None
LP 1846 None

Thermal Stability Test. This test is also

conducted in two phases. The first pl.use screens for
thermal instability by testing for ignition, explosion. or
decomposition. The second phase screens for the severity of
the thermal instability by measuring the extent of
temperature rise in the sample. The second phase of the
test is performed only if the first phase does not provide a
definitive conclusion regarding sample stability (TB 700-2,

1989:5-3) .
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A decontaminated polyethylene bottle, 2-inch diameter x
2-1/2-inch high x 0.5-mil thick, is filled with propellant
(Herrera, 1990:3). The bottle is then covered, weighed, and
placed in a constant temperature, explosion-proof oven. The
temperature of the oven is raised to 75 degrees centigrade
and maintained for a period of 48 hours. Provided that
neither i1gnition nor explosion has occurred, the bottle is
removed, cooled, and weighed. A record is maintained of
sample volatility (weight loss as a percent of the sampie
welght) that occurred during the test. The propellant is
considered to have passed the test if no ignition,
explosion, or decomposition (color change, fumes, weight

loss, etc.) has occurred (TB 700~-2, 1989:5-3).

Table S

Thermal Stability and JANNAF Thermal Stability Test
Results (Herrera, 1990:10)

Temp of Major

Exotherm
Test Sample ID Reaction Onset (=C)
Thermal Stability~ LP 1845 None
LP 1846 None
JANNAF Thermal LP 1845 120
Stability® LP 1846 122

a. 48 hours at 75<C in vented oven
b. Heat at constant temperature rate of 10«C/min

The results of the thermal test are listed in Table 5.

If decomposition has occurred, the second phase of the test
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1s performed. This test is performed like the first phase
except with two samples (one test and one reference sample)
and the addition of thermocouplies (a sensor devise, composed
of two dissimilar metallic conductors joined at their ends,
used to electrically measure temperature) to measure the
temperature differential (TB 700-2, 1989:5-3).

No reaction (detonation) occurred for either LP 1845 or
LP 1846 (Herrera, 1990:10). This test is used by the
Department of Transportation to identify "DOT Forbidden"
materials for transportation. If the test conditions had
resulted "in either a detonation, burning., or marked
decomposition of the sample”, the material would not have
received certification for shipment (TB 700-2, 1889:5-9).

Impact- Sensitivi.y Test. This test is not

required if the propellant failed to detonate in the
detonation test (TB 700-2, 1989:5-3). Impact tests are
designed to assess compression ignition of propellants in a
partially filled chamber. Drop weight tests are used to
rate sensitivity of the material for combustion type
environments an’ to assess behavior under rough handling and
storage conditions (Strobie et al, 1988:1).

The Jdevice is first dropped from a height of 48 inches
and at one-half increments thereafter until detonation
occurs. If the steel diaphragm is punctured, the diaphragm
1s severely deformed, or the propellant is consumed,

detonation has occurred. Again, the height reported, and

therefore the impact sensitivity of the propellant. yields a
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50% probability of detonation (Herrera. 1990:11). Also

shown are the drop heights at which 0% and 100% detonation

occurred.
Table 6
Impact Test Results (Herrera, 1990:11)
Drop Height (inches)
Sample ID 0% 50% 100%
LP 1845 28.0 30.0 31.0
LP 1846 29.0 30.5 33.0

The results of the impact test are listed i1n Table 5.
The difference in drop height between LP 1845 and LP 1845 1s
only one inch. The one inch drop difference a§ Zero percent
between LP 1843 and LP 1846.15 attributable to 3% more water
in LP 1846. For the purpose of comparison, nitromethane,
which is classified as a flammable liquid, has a drop height
of 20 inches at 0% (Herrera, 1990:11). This test 15 used to
determine i1f a detonable substance 1s DOT Class A. Type 4.
and . . . "(would] not be shipped until instructions are
received from the Office of Hazardous Materials
Transportation. Department of Transportation” (TE 700-Z.
1989:5-9) .

As stated above. Herrara used a 1986 update of TR 70C-C
to conduct his tests. The 1989 update of the publication
requires only the conduct of 10 tests at 3-3/4-inch height

using the Bureau of Explosives impact apparatus (TB 700-2.
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1989:5-3, 5-5). If the test conditions result in impact
sensitivity of less than 4 inches 1n more than 50% of the
trials, the propellant would, as under the 1986 update
criteria., receive a classification of DOT Class A, Type 4

Explosive (TB 700-2, 1989:5-9).

ENGINEERS SPECLAL
BLASTING CAP (J-2) ‘ﬁl____qﬁf
WOOD BLOCK

PENTOLITE BOOSTER

CARD GAP CELLULOSE
ACETATE CARDS
0.01-INCH EACH

PROPELLANT OR
EXPLOSIVE SAMPLE

CARDBOARD TUBE
STREL TUBR

1/16-INCH AIR GAP BETWEEN
STEEL TUBE AND PLATR
3/8- INCH WITNESS
PLATE

WOOD STAND

2 |

Figure 8. Card Gap Test Apparatus (TB 700-2, 1989:5-6;
Herrera, 1990:4)

6"® min

Card Gap Test. The test apparatus is constructed

as outlined in TB 700-2. The device, as shown in Figure 8,
consists of a series of chambers containing the boosters.
cards, propellant, and witness plate. The acetate cards

(0.01- inch thick) are uscd to measure the charge sensitivity
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of the explosive. The greater the number of cards used. the
more sensitive the propellant. A clean hole cut through the
witness plate indicates detonation (TB 700-2, 1989:5-5).

The test is first performed using no cards. If no
detonation occurs, the test is repeated two more times to
confirm these results (TB 700-2, 1989:5-5). If a detonation
occurs, the test is repeated using eight cards and then
doubling the preceding number of cards on each successive
trial (e.g., 8-16-32-64, etc.) until the number of cards
prevents detonation. Then, the number of cards are reduced
by one-half the previous addition until a 50% probability of
detonation is oblained (VB /00~2, 1989:5-5). Propellant
charge sensitivity 1s measured and expressed in terms of the
number of acetate cards necessary to achieve a 50%

probability of detonation.

Table 7

Card Gap Test Results (Herrera, 1990:11)

No. of
Sample ID Cards Visual Observation
LP 1845 8] Witness plate deformed
No holes 1in plate
LP 1846 0 Witness plate deformed

No holes in plate

The results of the cvard gap test are listed in Table 7.
Both propellants used zero cards (Herrera. 1690:10). Under

the criteria of TB 700-2 for solid propellants., 70 cards or
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less or no reaction at zero cards would result in a DOT
Class B classification. A result in excess of 70 cards
would have classified the propellant as DOT Class A (TB 700-
2, 1989:5-9). This is the standard test to determine the
sensitivity of a material to the shock from a detonation
(Herrera, 1990:10).

Storage Hazard Classification Testing. Full—-scale end

item tests are required by NATO STANAG 4123 and the DOD for
storage hazard classification of ammunition and explosive
materials as specified in TB 700-2. These tests include:

1. Single Package Test

2. Stack Test

3. External Fire, Stack Test
As illustrated in Figure 9, the type of ammunition or
explosive and the results of preiiminary testing together
may permit a tailcring of full-scale classification testing.
This is allowed to minimize the total resources consumed.
For example. it 1s unnecessary to continue successive
repetitions of the single package and stack tests 1if the
first repetition results in detonation of the total
contents. While each test should be performed on a
hazardous material, it is possible, under certain
circumstances, to curtail testing and thus save time and
resources (TB 700-2, 1989:5-7).

The single package and stack tests are usually
conducted for three repetitions to confirm the results.
Although statistically insignificant (TB 700-2. 1989:5-7),

this small sample testing does allow the test control

48




{ Start }
—

I

A

Package
Package
containing a
‘ﬁ?iﬂl ng single article; Unpackaged
one article or without article
{nner packaging
»
Perform Single
Package Tests
Detonation yes
of total
contents?
Severe yes |
effects? perform
f““m Multiple
Blast Wave | —,;+icle/Package
Meagurements Tasts

]

L

L
Perform Perform Fragment
External Fire - Hazard Assessment
Tests (see test combinations
under Method 1 or 2)

No sffact Little effect Main effect Progressive Detonation of
external to external to fire or detonation with | | total contents
package package mags-fire fragmentation en magse
‘Division 1.43 || Divislon 1.4 || Division 1.3 || Division 1.2 || Division 1.1

Figure 5.

(TB

End Item Storage Hazard Classification
Test Methodology

700-2, 1989:5-8)




authority to detect errors made in testing procedure,
exercise judgement in interpretation of the results, and
assess the reproducibility of the test results.

Single Package Test. This test uses an integral

(component of the product) source of ignition in an effort
to cause the product to detonate or deflagrate (burn
suddenly and violenfly). The stack test is designed to
assess the external hazard to the field environment by
measuring the extent of detonation or deflagration (TB 700-
2, 1989:5-7). As indicated in Figure 8, there are two
instances in which this test may be used as an 1nexpensive
substitute for the stack test with multiple packages:

1) An outer package containing more than one article,
and

2) A package containing a sihgle article with no
significant expectation of hazard.

The package containing the product(s) to be tested 1is
piaced on the ground. A confinement barrier, at least one
meter thick., is constructed by placing bags or boxes filled
with dirt or sand around and on top of the package (TB 700-
2. 1989:5-7). An article near the center of the package is
then "stimulated" by use of its own source of ignition or
detonation. When the product does not ignite or detonate by
its own integral source, an artificial source is used. The
test is performed a minimum of three times, unless
detonation of the total contents occurs on the first

repetition (TB 700~-2, 1989:5-8).
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Multiple Article/Package Stack Test. The stack

test also uses an integral source of ignition to cause the
product to detonate or deflagrate. This test is designed to
assess the external hazard to the environment by measuring
the violence and extent of detonation when one article or
package in a stack of five unpackaged items is initiated (TB
700-2, 1989:5~-7). As indicated in Figure 8, there are four
instances in which this test should be conducted:

1) An unpackaged article,

2) A package containing a single article or a package

containing an article without inner packing where a

significant hazard is expected,

3) A single package test which results in detonation
of total contents, and

4) A single package test which does not result in
.detonation of total contents but where "severe
effects"” (effects short of a detonation of total
contents but being so severe or directional as to
question their effect in the stack) are observed.

A minimum of five packages or unpackaged articles are
stacked on the ground and arranged in a manner that would
most likely cause rapid. natural transmission of the
explosion from one item to the next. A confinement barrier,
at least one meter thick, 1s constructed by placing bags or
boxes filled with dirt or sand around and on top of the
package (TB 700-2, 1989:5-9). An article near the center of
the package is then stimulated by use of 1ts own source of
ignition or detonation. When the product does not ignite or

detonate by its own integral source, an artificial source is

used. The test is performed a minimum of three times,
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unless detonation of the total contents occurs on the first
repetition (TB 700-2, 1989:5-9).

Blast pressure measurements are used with this test.
Fragmentation hazard assessment, while not mandatory, is
encouraged to acquire additional information about the
product hazard. However, when the test control authority
has determined to assign the material to DOD class/division
1.1. DOT class A, for risk of mass detonation, a repetition
of the stack test may be conducted without the confinement
barrier. This test modification may be used for
fragmentation hazard assessment as a substitute for the
external fire stack test (TB 700-2, 1989:5-9).

External Fire Stack Test. This test is designed

to assess the effect of an external fire on the articles or
packages. If the fire does cause detonation or |
deflagration, this measures the intensity of the force,
extent of the propagation, and the external hazard to the
field environment (TB 700-2, 1989:5-7). Fragmentation and
blast pressure measurements are performed as part of this
test; however, blast measurements may be omitted when the
expected reaction is other than mass detonation (TB /700-2,
1989:5-7) .

A minimum of five packages or unpackaged articles are
stacked on a wooden platform approximately one meter above
the ground. A steel band is placed around the stack to
maintain 1ts integrity during the test. Ailr dried kindling

{less than 30mm thick) is placed beneath the platform and
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around the stack of packages to at least 0.5 meter thick.
The kindling is saturated with 135 gallons of diesel fuel or
kerosene, then the kindling 1s 1ignited on two sides. This
test, unlike the single and multiple stack tests, is usually
performed only once (TB 700-2, 1989:5-9).

Blast Pressure Measurement. Blast pressure

measurements are used to evaluate the output of an explosive
blast wave. relative to a TNT equivalent. for products as
they are packaged and stored and for ammunition components,
to assess the contribution to total energy release (TB 700-
2, 1989:5-9, 6-1). For example. liquid propellant., when
assembled with the projectile (a mass detonating ammunition)
as a combat configured load (CCL) under the Maneuver
Oriented Ammunition Distribution System {(MOADS), may augment
the overall explosive yield.

A collection system for recording and measuring blast
overpressure as a function of time is used to measure the
blast yield. The test equipment used to meésure the results
consists of a transducer (an electromechanical or electronic
device which measures one type of energy, such as a blast
wave, then converts and retransmits it in another energy,
such as electrical), signal conditioning equipment. a..d
recording equipment (TB 700-2, 1989:6-1).

Fragmentation Hazard Assessment. Analysis of fragment

field dispersal, area density. and individual fragment
welight are used to determine the minimum separation

distances for fragment hazard to personnel (TB 700-2,
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1989:6-1). The fragment field produced by a test stack is
characterized by the number of fragments emitted from the
stack per unit of angle, and the distribution of the number
of fragments with respect to individual fragment weight.
Risk of injury to exposed personnel 1s determined by
fragment density at the target, and whether injury of a
specified levz2]l of severity (a function of fragment .nass and
impact velocity) occurs in the event of a strike (TB 700-2,
1889:6-1). Based upon the results of single package
testing. one of two methcds will be used to perform fragment
field sampling.

The first method is followed if single package testing
reveals the risk of mass detonation, or 1f the external fire
stack test is expected to result in mass detonation of the
total contents of the package (TB 700-2, 198G:6-6). 1In the
first sitvation. fragmentation sampling may be conducted
during the multipie article/package stack test, while in the
latter instance, sampling may be conduclted 1n conjunction
with tLhe [ire shack test. I[f single package testing reveals
that the risk of mass detonation i1s negligible. and
therefore the external f(ire stack test i3 not expected to
result 1n mass detonation. fragmentation sampling will be
performed in conjunction with the ¢x: rnal firs stack test
(TB 700-2, 1989:6-8).

Additional Testing Requirements. Based upon the

applicable hazardous material, the following additional

tests may also be required by the Department of
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Transportation to assess transportation and storage
requirements (Herrera, 1990:1):

Adiabatic Compression

Critical Diameter

Flash Point

Minimum Pressure for Vapor Phase Ignition
Electrostatics

UL W B =

Adiabatic Compression Test. Adiabatic compressicn

testing examines the sensitivity of compression ignit »n.
Compression 1ignition 1s a potential sources of secondary
ignition hazard (any ignition due to source other t%an th=
desired direct 1initiation). Secondary ignition may occur
from hot spot development associlated with bubble collapse
under compressive l1oading from hydrodynamic surge pressure
waves (Herrera., 1990:2).
The results of the adiabatic compression test are

listed 1n fable 8. No detonation occurred for either LF
1845 or LP 1846 during confined pressure/heat testing to

260.000 psi1 (Herrera. 1990:11).

Table 8

Adiabatic Compression Test Results (Herrera, 1990:12)

Reaction at

Sample ID 260,000 psi/sec
Control (water) None
LP 1845 None
LP 1846 None
Critical Diameter Test. Critical diameter 15 the

minimum diameter at which a cylindrical charge of an
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explosive will sustain a steady—state detonation. Since
detonations will not occur in a charge smaller than the
applicable diameter, a large critical diameter is desirable.
The results of the critical diameter test are listed 1in
Table 9. Detonation probhes indicated that detonation
occurred-with LP 1845 in the 4-inch diameter cylinder and
with LP 1846 in the 5-inch cylinder. As in the impact test,
the difference in sensitivity between LP 1843 and LP 1846 is

attributable to 3% more water in LP 1846 (Herrera, 1990:12).

Tak =2 9

Critical Diameter Test Results (Herrera. 1990:12)

Sample ID Baffles™* Detonation Reaction

LP 1845 No Apparent reaction at 4 in.
LP 1846 No . Apparent reaction at S in.
LP 184~ Yes Apparent reaction at 4 in.
LF 1846 Yes Apparent reaction at 5 in.

*Whiffle ball-type polyethylene spheres occupying
approximately 12% of the canister volume

Table 10

Flash Point Test Results (Herrera, 1990:12)

Sample ID Reaction™*
LP 1845 None
LP 1846 None

*Propane flame at 75<C
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Flash Point Test. The results of the flash point

test are listed in Table 10. Since the formulation of each
propellant contains 16.8% (LP 1845) and 20.0% (LP 1846)
water, the vapor above each liquid is primarily water vapor.
It was therefore expected that there would be no flash point
for either propellant (Herrera, 1990:12).

Minimum Pressure for Vapor Phase Ignition. The

propellants began to decompose as the incremental
temperature increases reached 1202C. This test and the
Flash Point test results confirmed that there was no minimum
pressure for vapor phase ignition for either propellant

(Herrera, 19%90:13).

Table 11

Minimum Pressure for Vapor Phase Ignition Test Results
(Herrera, 1950:13)

Sample ID Reaction

Water (control) None

LP 1845 None (material decomposed)
LP 1846 None (material decomposed)

Electrostatic Test. No reaction occurred during

the test for either LP 1845 or LP 1846. This was as
expected since the oxidizer, hydroxyammonium, and the fuel,
triethanolammonium nitrate, are nitrated salts that are
completely ionized 1n the water portions of the compound.
The electrostatic charge build-up 1s therefore quickly

dissipated and cannot reach a sufficient level to hazardous
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discharge (Herrera, 1990:13). The results of the

electrostatic test are listed in Table 12.

Table 12

Electrostatic Test Results (Herrera, 1990:13)

Sample ID Reaction*
LP 1845 None
LP 1846 None

*1 uf and 12.5 Joules at 5 kV

Table 13

Container Criteria. Specification 34, BOE-6000-F
(Ekman, 1989:4-10)

1. Polyethylene for the material of construction of
“individual containers.

2. 150 to 160 gallon capacity consisting of three or
four individual containers with inlets and
outlets manifolded with plastic (PVC, CPVC. or
polyethylene) tubing. The number of individual
containers will be determined by the
configuration of the forward ammunition resupply
vehicle (FARV).

3. Quick disconnect male half-fittings on inlet and
outlet ports.

4. Pressure relief capability will be incorporated.

5. 2500 1lbs (maximum) for palletized contai:-i's when
filled with liquid propellant (STANAG 2828).

6. All pallet and support materials of construction
will be polyethylene or metals which can be
decontaminated.

Storage and Transport Containers. Final design of a

liquid propellant container can not be determined until

58




final hazard classification testing has been completed. It
is anticipated that final classification will allow shipment
in accordance with Specification 34 (178.19) of BOE-6000-F,
Hazardous Mater?als Regulations of the Department of
Transportation (DOT) (1 November 1986) (Ekman, 1989:4-10).
If this reclassification is obtained, the LP shipping

container should meet the criteria listed in Table 13.

Table 14

Liquid Propellant Component Test Program
(Ekman, 1989:4-5)

Test Pump Disconnect Container Plumbing

>

Endurance X X X
(Life Cycle)
Compatibility
Efficiency*
Contamination
Leakage
Durability*
(Handling)
Performance* X X
Palletization

Manifolding

X X

X KK
P oo

)X <K
> K

*NORMAL (+70=F), high (+160°F), and low (-60°F)

Testing of the LP shipping container design will be
conducted to verify capability with DOT Specification 34 or
as determined by the hazardous classification tests. A
detailed presentation of the performance testing
requirements are presented in Table 14 and Figure 10 (Ekman.
1989:4-13). The performance testing requirements, as
outlined below, will be conducted to determine container

utilization ~apability under field conditions:
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1. Compatibility with LP during long-term storage.

2. Performance during filling and emptying with setup
as shown in Figqure 10.

3. Cleaning.

4. Durability.

/] —T—
F’ ivum
I IAAA
- Lp
- _T_
[ ‘ Heat
Exchanger
Drain
0-50 PSIG T
rill -
Tank I—
P\m GEM

Figure 10. Ligquid Propellant Performance Test Schematic
(Ekman., 1989: 4-6)

Demilitarization and Disposal of Liguid Propellants.

Potential scenarios may involve the disposal of liquid
propellants. GSereral of these are:

1. Disposal of the propellants at the end of its
usefu! life.

2. Disposal of contaminated liquid propellant.
3. Dispeosal of water used to flush spillage or

extinguish a fire 1nvolving stored liquid
propellant.
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4. Disposal of contaminated soill resulting from
propellant spills during transportation or use.
(Graham, 1990:4-1)

The liquid propellant currently being developed for
military application consists of a mixture of an oxidizer,
hydroxylammonium nitrate (HAN}, a fuel., triethanolammonium
nitrate (TEAN), and water. During the manufacture of TEAN,
the chemical reaction may produce a hazardous impurity. N-
‘nitrosodiethanolamine (NDELA). This substance is an organic
compound known to be toxic and a carcinogen, posing an
exposure hazard to workers manufacturing the TEAN (Graham,
1990:1-2, 3-1). Studies have shown that specific
manufacturing techniques and the HAN component of liguid
propellant can markedly reduce the NDELA formed during
manufacturing (Graham, 1990:3-2) and eliminate the NDELA
hazard in the final liquid propellant product (Klein, 1991).

When a HAN--based propellant 1s no longer useable for
its designed purpose, 1t must be disposed of as a waste
product. When dispcsal 1s required, the propellant becomes
a regulated waste under the Resource Conservation and
Recovery Act (RCRA) (Graham, 1990:7-1). Fropellant not
contaminated with NDELA may be treated and demilitarized
under RCRA using either water or salt (NaCl) (Klein, 1991).
Water is effective because liquid propellant. an agueous
solution, loses 1ts energy content as additional water 1s
added. Salt (NaCl) 1s effective because the chlorine atoms

react with the transients to suppress the flammable
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properties, thus not permitting the propellant to burn
(Klein, 1991). Further. under RCRA regulations, a treated
non-NDELA propellant may then be flushed into the public
sewer system and to a community wastewater treatment
facility (Graham, 1980:7-2).

Three techniques have been identified as being
potentially useful for demilitarization and disposal of
large quantities of liquid propellant. These techniques
include thermal destruction. biological treatment. and
photolytic degradation. These three technologies were
selected based on the six criteria of technical feasibility,
cost effectivenesys, potential for full--scale implementation,
applicability in remote areas. potential for adverse
environmental impact, and potential for compliance with
environmental regulations (Graham, 1960:1-4).

Biological treatment has the greatest potential for the
disposal of HAN-based liquid propellant residues in an
economical. safe manner 1in a wide variety of environments.
The primary disadvantage of thermel destruction was a lower
level of compliance with environmental regulations, while
the main disadvantage of photolytic degradation was its high
capital cost. Microbial degradation methods are currently
being used for the disposal of various organic compounds,
including explosives. Available biological treatment
systems that may be applicable for the degradation of liquid

propellants include composting. aerobic bioreactor, rotating
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biological contactor, fluidized bed reactor, and trickling
filter treatment.

Ligquid Propellant Logistics Concepts

Three liquid propellant logistics concepts are
currently be studied as potential candidates for liquid
propellant technology (Beaudet, 1989:I-5). Each concept was
designed to be compatible with development of both the
Maneuver Oriented Ammunition Distribution System (MOADS) and
the Palletized Loading System. These three concepts are:

Discrete. Liquid propellant (LP) is loaded at the
lcad, assembly and pack (LAP) facility and transferred
through the entire logistics chain to the battalion
reload/rearm point (BARP) in palletized 30-50 gallon sealed
plastic containers. At the BARP, the LP is pumped from the
rearm vehicle directly into the self-propelled howitzer's
(S5PH) LP reservoirs (Beaudet, 1989:1I-5).

This concept continues to use existing logistics chain
(solid propellant) transportation and transfer eguiument. A
winch or lifting device will be required to upload
containers into the rearm vehicles (Beaudet, 1989:IX-1).
Containers are palletized on existing standard size pailets
and shipped in break-bulk containers. At the ATP container
pallets are broken—-down and individual containers are loaded
onto user rearm vehicles. The LP i1s pumped from the rearm
vehicle into the SPH reservoir tanks (Beaudet, 1989:IX-~-1).

The 30 and 50 gallion containers are not man-portable (a

30 gallon container at 12.5 pounds per gallon weighs 375
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pounds) but are easily palletized on existing pal'~2ts and
could be handled and stored in the resupply vehicle 1n an
efficient manner (Beaudet, 1989:A-2). A 50 gallon container
was selected because 1t can be easily compared to a current
55 gallon POL drum for which ample data 1s available
concerning manufacture. strength, handling. transport, and
cost of various container material.

Bulk. At the LAP facility, LP is loaded into 1.800
gallon stainless steel tanks which are either trailer-
mounted or are on integrated skids/pallets for truck or
palletized load system (PLS) transfer. The LP 1is
transferred to the forward ATP and pumped into the rearm
vehicle. The LP is then pumped from the rearm vehicle intoc
the SPH LP reservoirs at the BARP (Beaudet, 1989:A-2). Tho
transporting and transfer of the 1800 gallon tanks is
handled in a manner similar to POL products. The total
weight for one tank 1is 10-11 tons. '"Four of these
contalners will supply one day's battalion requirement at
300 rounds per day per gun’ (Beaudet, 1989:A-2).

Combination. At the LAP facility, LP is loaded into

bulk 1,800 gallen stainless tanks. which are trailer-or skid
mounted and transferred as far forward as possible. The
propellant is then down-loaded at this location into
discrete containers (30-50 gallons or 150 galions). The
discrete containers are uploaded into the rearm vehicle, and
the propellant is then pumped from the discrete containers

into the SPH reservoirs at the BARP (Beaudet, 1989:A-2).
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This logistics concept uses Bulk POL type transfer from the

wholesale to the retail supply location (CSA, ASP, or ATP).

At this interface, the liquid propellant is then pumped into
discrete contailners.

Propellant Characteristics

The Phase I study (kkman, 1989) concludes that the
components (and questions for further study) of the LP
logistics system can be grouped into two broad categories:
containers, inciuding palletization of discrete containers
(less than 150 gallons) and containerization for larger
containers; and. transfer systems used to transfer LP
between storage tanks, containers, and the howifzer.

The three logistics concepts do not require new
vehicular material handling equipment (MHE); however.
modifications may be necessary to supply power to‘the
transfer components {(Beaudet, 1989:II-3). Suitable
contaliners and transfer components are commercially
available. Satisfactory compatibility of the products is
achlevable by using various combinations of stainless steel
and plastics (Beaudet, 1989:11-3). Final selection of each
1s dependent upon final i1dentification of the physical
properties and hazard classification of the propellant.

Safety is a high-priority concern, 1including both
explosive hazards and toxicity. The numerous preliminary
and ongoing hazard classification tests have placed LP 1n
DOT Class B. with Class C a possibility after appropriate

full scale testing is concluded.
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Testing has shown that unconfined propellant 1is
relatively insensitive. The drop welght sensitivity test
resulis were 29 1inches for LP 1843 and 31 inches for LP
1846. Most scolid propellants have averaged a sensitivity
range of 10 inches (Beaudet, 1989:VI-40). LP will not burn
at atmospheric pressure and can be safely stored under low
pressure. While the exact threshold pressure that will

sustain combustion has not been determined., bonfire tests

ot
[J)]
O
(a1}

indicate that LP decomposes and gives off large amoun
toxic brown fumes of mixed nitrogen oxides (Beaudet,
1989:VI-40). The card gap test also records detonation
sensitivity. Both LP 1845 and LF 1846 tested at zero cards.
Propellant vulnerability tests also demonstrate the
relative inseusitivity of the propellant. Hot spall tests
(steel balls heated to various temperatures and dropped into
contalners of propellant) reveal that red hot steel balls
dropped 1nto small containers fizz and give off vellow
fumes. Dropped into large containers of propellant, the
heat capacity of the LP was sufficient to stop the reaction.
Next, a rifle bullet failed to cause a reaction when shot
into a gallon container of LP (Beaudet. 198%9:VI-41). A 5-
inch shaped charge shot i1into a polyethylene container did
result 1n a violent explosion: however. this reaction was
suppressed by using small (38mm) hollow plastic balls as
batfles (consuming only 8% of the container volume). In
subsequent testing., the 5-inch shaped charge Jjet penetrated

the LP container and ignited the aluminum plate behind the
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contaliner, and the LP stream following the jet quenched the
white hot burning aluminum (Beaudet, 1989:VI-~-42).

Toxicity of liquid propellant 1s relatively low. When
handling LP, goggles should be worn and water resistant
protective clothing 1s recommended. Absorbed through the
skin. LP will cause a typical nitrate poisoning reaction by
attacking the red blood cells. If washed off 1mmediately.

tests have shown 1t to be an 1irritant with reversible

effects. Splashed 1n the eye. tests have also shown it to
be an irritant. In tests cn laboratory animals (rabbits),
washing

at 30 seconds alleviated the conjunctival and
iritic symptoms and prevented the development of
corneal lesions. Immediate washing at 10 seconds after
dosing was even more successful at alleviating the
symptoms. (Justus and ‘Korte, 1988:9)
There is no vapor hazard from LP (the vapor above the liquid
18 water); however, an aerosol stream from a brcoken pumplng
line would pose an 1nhalation hazard (Beaudet, 1986:VI-1l).
The major environmental impacts are 1n the manufacture,
transportation., and disposal of LP. In the logistics chain.
there 1s always the possibility of a spill. Small spills
can be washed away with water. The resulting effect on the
environment would be the same as an overdose of fertilizer
(Beaudet. 1989:VI-42). A large spil!l would require
remediation. Nitrate 1on concentrations (below 2 ppm

coneentration regquirement) 1n water can lead to

methoglobinemia 1n 1nfants (blue babies) (Beaudet, 1989:VI-

42 . A protocol for handling large spills has not been developed.
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Transport of Ligquid Propellants with Similar Commodities
Characteristics

A search was made of published literature to i1dentify
liguid propellants with chemical and physical properties
similar to HAN-based propellants. This search revealed Otto
Fuet [, usced by the Navy as a torpedo propellant, as the
only nitrate-based propellant with physical characteristics
similar to those of LP 1845 and LP 1846. Otto Fuel 17 1is
also classified as a Class B explosive propellant. The
following aspects of Otto Fuel [I will be assessed:
physical characteristics; environmental and personnel
safety; transfer operations: packaging; transportation; and
dispcsal.

Physical Characteristics. Ott> Fuel II is a stable,

noncorrosive liquia monopropellant composed of nitrate ester
in solution with a desensitizing agent and a stabilizer.

The propellant has an extremely low vapor pressure which
minimizes the hazards usually associated with other
monopropellants. Otto Fuel has a high flame point. an
extremely low vapor pressure, and 1s relatively safe to
handle (Jensen, 1978:22-~1). Storage and transfer areas must
be kept neat and clean and absolutely free from
combustibies. Ail leaks and spills must be flushed away .t
once with large amounts of water. Thesge areas willl be
‘n3pected trequently and safety regulations must be strictly

enforced.
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Environmental and Personnel Safety. An adeguate water

supply will be available for firefighting., flushing. and for
personnel showers and eye baths. A cold-water eye bath and
approved safety—-type personnel showers must be properly
located for immediate use in a emergency (Jensen, 1678:22-
1).

All personnel engaged in the handling. storage. or
transfer of Otto Fuel II shall he thoroughly briefed on:

1. The chemical nature and physical »roperties of 2tto
Fuel II.

2. The primary toxic symptom of exposure to the fuel.

3. The availability and mandatory use of approonriate
safety equipment.

4. The employment of f{orced air ventilation systems
where gross spillage 1s probable.

5. The compatibility of construction materials.

6. The safety precautions to observe. (Adams, 1966:
507; Jensen, 1978:22-3 - 1)

Transfer Operations. At least two operators will be

assigned during all handling., storage, and transfer
operations. After all transfer connections have been made,
both inlet and ocutlet valves will be inspected before
transfer operations begin. After transfer 1is completed, the
piping will be drained to prevent the fuel from being
trapped between closed valves (Jensen, 1978:22-3). 1If a
pressure system 1s used. aluminum piping segments will Dbe
installed on each side of the transfer pump to provide
protection against detonation propagation (Jensen, 1978:22-

8) .
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only fully trained personnel will perform logistics
operations with Otto Fuel II. All operations will be
controlled by standardized procedures and checklists. The
standard procedures will be ava:lable to and strictly
followed by all personnel. BSpilled fuel will not be flushed
into common drainage systems (Adams, 1966:524). An adequate
supply of water will be availlable for safety shcwers for
personnel and flushing spills. All personnel will wear the
applicable approved protective clothing and safety
equipment. All valves, pumps, switches, etc. must be
clearly identified and labeled (Jensen, 1978:22-8).

Packaging. When shipping in small quantities (355
gallons or less), the fuel must be packed in a 3 gallon
polyethylene drum overpacked in a steel drum, epcxy lined or
coated with a material impervious to the Otto Fuel II.
Quantities in excess of 5 gallons but not exceeding 55
gallons. must be packed in a polyethylene inner container
(1716 inch thickness). The inner container must fit snugly
in a 55 gallon (removable head) steel drum. After emptying,
containers may be reused onstation. They shall not be
shipped to another activity for reuse (Jensen, 1978:22-9).

Quantities in excess of 55 gallons are considered bulk
shipments. Fcr bulk shipments, Otto Fuel II will be
classi1filed as "Propellant Explosive (Liquid), Class B"
(Jensen, 1978:22-9.1.2.a; Table 22-5). Only Department of
Defense approved carriers shall be utilized for bulk

shipments. The consignor 1is required to 1nspect the

70




transport tank for contamination and seal the tank lid after
filling. The consignee must unload the fuel by gravity flow
or by the application of up to 50 psi air pressure (Jensen,
1978:22-9.1.2.e). After unloading, the transport tank must
be resealed (with no attempt made to clean-up or
decontaminate) and delivered to an approved DOD
decontamination site for cleaning prior to reuse (Jensen,
1978:22-9) .

Transportation. The shipping and storage containers

must not be filled to more than 95 percent capacity (Jensen,
1978:22-9.a). All shipping and storage containers must be
provided with éome means to prevent internal pressures in
excess of 60 psi (Jensen, 1978:22-9.b). Shipments may be
transported by rail, motor, water, or trailer-on-flatcar
(TOFC). Air shipments are authorized by Military Airlift
Command (MAC). Logistics Air (LOGAIR), Quick Transport
(QUICKTRANS), or Priority Air Dispatch, Inc. (PAD). When
offering this material for shipment, a copy of the Otto Fuel
IT1 transportation accident procedures shall be attached to
all shipping papers (Jensen, 1978:22-9).

Disposal. The recommended disposal procedures for
large quantities of Otto Fuel II are dumping in deep water
at sea or burning in port. The disposal site in port should
have a radius of 100 feet (Jensen, 1978:22~11.1). Disposal
of small quantities, such as amounts accumulated from minor
spi1lls. shall be disposed of by absorbing the fuel in

gsawdust, rags. or cotton waste. This contaminated material
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shall be transported to a disposal area in an airtight metal
container and then burned (Jensen, 1978:22-11.2).

Research Maturation

The research maturation model of Schendel and Hofer
(1970) was adopted a3 an d4i1d in conducting the literature
review. This model! specifically aided in cataloging the
source documents and examining the developmental state of
research work already accomplished in the field. To
establish a sense of order. the literature review was
conducted using a two step approach: first, each topic was
grouped according to its respective investigative question:
then, each topic was indexed according to the developmental
state of the research work.

Research Maturation Model. A-field of research

progresses from a beginning to its present state along a
certain developmental path. This advancement 1s achieved
through use of a research methodology which 1is used to focus
research energies., organize facts, and explain phenomena
(Schendel and Cool., 1988:27). However, Schendel and Cooli
contend there 1s a distinct absence of a paradigm. or
central organizing model, to track the advancement of
research. In fact., they argue that the lack of a central
methodology 1s owed substantially to the 1nability or
reluctance of researchers to employ a scientific methodology
toward research (Schendel and Cool, 1988:27).

Schendel and Cool's model of research maturation has

been adapted for use as a means of focusing the research
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energies of this thesis. As depicted in Figure 11, research
i1s classified i1into one of four cells. or phases. The model
provides a means of examining the maturity of the research
work previously accomplished. The arrow describes the
direction in which research progresses with advancement in

research maturity (Schendel and Cool, 1988:27).

Sophistication of Research

Immature Mature
]
PrescriptivJ (1) i (3) Testing
!
!
Emperical j-----—---f------------ O enly bt Hypotheses
(2) | (4) :
\
Descriptive ] Generation
Subjective Objective

Nature of Explanation

Figure 11. Research Maturation Matrix, Scientific Method
(Adapted from Schendel and Cool, 1588:28)
Cell (1) contains the prescriptive works of practice
and experience. The term prescriptive is defined as
"acquired by, founded on, or determined by prescription or
by long standing custom”™ (Mish, 1988:1048). While these
Wworks are of some value. they seldom move beyond practice

and experience to advance serious questions about cause and
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effect (Schendel and Cool. 1988:28). Schendel and Cool
summarize the prescriptive cell as:

. the worst of all research worlds depicted,

[where] much work, mostly embodied in the form of

untested. or worse, untestable, statements [lie].

(Schendel and Cool, 1988:28)

Research generally begins with a subjective attempl Lo
describe the field of study and to define and label the
problem area (cell (2)). The term descriptive is defined as
"referring to, constituting, or grounded in matters of
observation or experience’ (Mish, 1988:359). The
descriptive process requires personal insight, judgement,
and creativity. Schendel and Cool assert that 'conceptual
development 1s needed to define the boundaries of a field"”
{Schendel and Cool, 1988:28). Research maturation through
the subjective descriptive phase then leads to the objective
generation of hypotheses.

The obiective generation of hypotheses, cell (3).
depicts the meticulous. accurate description of problem area
phenomena (Schendel and Cool. 1988:28). Research work
contalned in this phase include excellent field research,
complete data bases. and careful classification of
phenomena. This quadrant progresses from an understanding
of the field and comprehension of the problem to generation
of precise hypotheses. These hypotheses are 1ntended to
test cause and effect relationships and i1dentify possible

treatment methods (Schendel and Coecl, 1988:27-30).
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Hypotheses testing. cell (4), 1s the final and optimal
phase of the research maturation model. Schendel and Cool
summarize the hypotheses testing cell as:

. research orientated toward testing

hypotheses, developing causal models, and

ultimately with validating prediction theory. It

is. or should be., the outcome of all research to

develop such predictive theory, theory which can

guide practice and explain results achieved

(Schendel and Cool. 1988:29).

These four phases outline the maturation of research
through the various stages of development using the

scientific method.

Research Sophistication. Figure 12 1llustrates the

state of the research reviewed in the development of ligquid
propellant technology and logistics doctrine. Most of the
research literature was =subjective; that 13, the literalure
was both prescriptive and descriptive 1n nature. This was
expected dite to the present research and development stage
of work 1in the field of liquid propellants. Very little
resecarch has progressed Lo the gencration of hypotheses and
hypotheses testing phases.

The subjective assignment of this literature 1is
difficult and not always clear-cut. It is not unusual for
many works to exhibit characteristics of more than one
research phase (McCauley. 1991). However, each literature
source was categorized to only one quadrant in an effort to
gimplify the process. organize the source literature. and to

focus research energies.
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Summary

This chapter began by defining transportation system
capability and discussed two approaches to mea:sur ing sy:=ioem
capability. Next. a review of the Department of
Transportation (DOT) procedures for product classification
was presented with an examination of DOD procedures for
mandatory compliance with the DOT requirements. Third. an
examination was conducted of the proposed liquid propellant
packaging requirements and logistics fielding concepts.
Fourth. an overview was presented of current planning
procedures used by other organizations for the handling.
storage. and transport of products with commodity
characteristics which are similar to those of liquid
propellant. Finally, the chapter concluded by presenting an
assessment of the research maturation found in the
literature search.

Chapter III will proceed by describing the data
collection techniques used in this research. This
literature review provided the background information and
firm foundation upon which to build the data collection
instruments and conduct the case study analysis of the three

proposed liquid propellant logistics concepts.
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III. Methodology

Qverview

Chapter III1 describes the methodological approaches
employed to answer the investigative questions formulated in
Chapter I. The research design executed 1in this study
encompassed three major phases. The first phase involved
exploratory research including both a detailed literature
search and an experilence survey. This established a basic
understanding in the areas of transportation capability and
capability measurement; hazardous material classification:
proposed liquid propellant packaging requirements and
logistics delivery concepts: and current planning procedures
for the handling, storage. and transport of liquid
propellants.

The second phase comprised the construction of a
subjective, descriptive surface transportation performance
evaluation model based upon performance measurement criteria
and system docsign attributes.

The third phase validated the model through the
application of a paired comparison survey and scoring model.
This 1involved a subjective approach of prioritizing surface
transportation system design attributes based on weighted
performance measurement criteria. A case study analysis was
then conducted based on the weighted system design

attributes. These three phases provided the qualitative
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data necessary to answer the investigative questions posed
in Chapter I.

Research Technique for Investigative Question One

Investigative question one asked, "What 1is
transportation capability?” and "What are the principles
involved 1in measuring transportation capability?"” A
detailed literature search was conducted to examine the
areas of transportation capabili*y and capability
measurement. Marvin L. Manheim, editor for the Center for
Transportation Studies of the Massachusetts Institute of
Technology. and William W. Hay. Professor of Railway Civil
Engineering at the University of Illinois, provided
comprehensive definitions of transportation capability and
effectively explained the principles involved 1n measuring
system capability. These principles were presented in
Chapter II.

Research Technique for Investigative Question Two

The second investigative guestion asked. "What are the
Departments of Transportation and Defense classification
procedures for newly developed products?" Research for this
information was performed through a literature search of
published manuals and reports from the Departments of
Transportation and Defense. These documents were ~cquired
through the Defense Technical Information Center (DTIC) and
the Interlibrary Loan Serwice. A summary of the

requirements and procedures, as applicable to liquid
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propellant classification, were thoroughly discussed in
Chapter II.

Research Technique for Investigative Question Three

The third investigative question asked, "What are the
proposed liquid propellant packaging requirements and
logistics fielding concepts, lkased on the 1nherent
characteristics and applicable hazard classification?" A
literature search was conducted of liguid propellant
research and development (R&D) contractor progress reports.
These documents were acquired through DTIC and the Jet

Propulsion Laboratory (JPL), California Institute of

Technology. These concepts were fully discussed in Chapter
I1.
Research Technique for Investigative Question Four

The fourth i1nvestigative question asked, "How have
other organizations planned for the transport of liquid
propeliants and other products of similar commodity
characteristics?"” A review was made of Joint Army. Navy,
NASA. Air rorce (JANNAF) Propulsion Committee documents for
nitrate—based liquid propellants with commodity
characteristics similar to those of the liquid propellant
under development by the Army.

This 1nquiry eventually focused upon Otto Fuel 1I, a
liquid torpedo propellant used by the Navy, as a prototype
for exan.inlng the handling. storage, and transportation of

HAN-based propellants. Otto Fuel II 1s a nitrogen—based.

Class B Explosive propellant with commodity characteristics

80




similar to LP 1845 and LP 1846. These findings were
presented in Chapter II.

Research Technique for Investigative Question tive

The fifth investigative question asked, '“What are the
relative strengths and weaknesses of the proposed logistics
fielding concepts for liquid propellant 1in Field Artillery
applications?” "What are the relevant surface
transportation performance measurement criteria for
evaluating logistics fielding concepts?” "What are the
relevant system design attributes which must be considered
for inclusion into the final selection of a liquad
propellant logistics fielding concept?” To evaluate this
question, 1t was necessary to construct a transportation
performance evaluation model. This model was developed. with
an applicable focus toward the research and development
(R&D) aspect of proposed logistics concepts. The output ot
the medel, prioritized system design attributes, was then
used 1n a case study analysis to evaluate the relative
strengths and weaknesses of the proposed logistics fieiding
concepts.

Model Selection

The role of analysis in the managerial decision-making
process can best be understood by the flow diagram
1llustrated in Figure 13. All decision making processes
include both gualitative and guantitative analyses. In
qualitative analysis, the adecision maker draws primarily

upon 1ntuitive judgement and experience to summarize and
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evaluate the situation in

order to reach a decision.

Emphasis is placed on qualitative analysis when solving

unstructured problems characterized by high uncertainty.

long time horizons, or when the decision maker must draw

upon experience from solving similar problems.

al, 1985:3; Hicks, 1987:23).

(Anderson, et

Management Problem,

]

[

1

Quantitative

1. Iconic Models
2. Analog Models

3. Mathematical Model

Qualitative

1. Subjective Approach
2. Delphi Approach
3. Scenario Writing

{

]

[

Summary and
Evaluation

[

Management Decision

Figure 13. The Decision-Making Process (Adapted

Anderson, et al, 1985:3)

It was critically important to carefully screen
select an appropriate evaluation model.
to the extent that it enables the researcher to draw
conclusions about a real situation through study and

analysis. Quantitative models,

such as 1iconic,

A model has

from

and

value

analog, and

mathematical models, are useful 1in analyzing historical
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numeric data (Anderson, et al, 1985:6), while qualitative
models, such as Subjective approaches., the Delphi study. and
scenario writing, are appropriate to analyze language and
thought data. This 1s especially appropriate when
historical data 1s unavailable or questionable (Anderson. et
al, 1985:598).

As with development of liquid propellant, research and
development (R&D) project selection decisions are
characterized as relatively unstructured problems that are
concerned primarily with the allocation of organizational
resources (Baker and Pound. 1964:124). Perhaps having the
greatest influence on the decision process is the inherent
uncertainty associated with the R&D process (Moore and
Baker, 1969:B-212).

Subjective Qualitative Approach. A subjective. or

intuitive, approach was selected in this research effort. A
subjective analytic approach is based upon the 1nherent
ability of the mind to think logically and creatively in
identifying system elements and establishing relative
relationships among them. These 1nherent abilities are to
communicate what 1s observed, determine the relative
intensity of the relationships. and synthesize these
relationships for comprehensive understanding (Saaty and
Kearns, 1985:19).

The subjective pailred comparison technique was selected
because: 1) there 1s complete control over the survey

process as the researcher and the group of expert
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respondents are physically collocated:; 2) the face-to-face
iteration process develops consensus rapidly and fosters
teamwork and enthusiasm within the group (Souder, 1980:72):;:
3) there is no delay between group input and individual
recelpt and feedback of that input: 4) the technique uses a
hybrid nominal-group 1interaction process in which dynamic,
open~group discussion is used to establish the variables for
consideration. and individual, anonymous assessments Lo
determine the judgements; and 5) qualitative judgements are
expressed in absolute numbers based on relative comparisons.
These relative judgements are made as part of a rigorous
derivation of an estimated underlying ratio scale (Saaty,
1980:66-70) .

A subjective survey approach conducted prior to the
implementation phase of system design provides the benefit
of comments in a realistic environment, i.e., from the
field. This eliminates the proliferation of computer
generated '"war game" solutions and thus program
specifications which are typically created in isolation of
realism (Lewis: 1990).

Souder contends that the paired comparison method
focuses careful thinking and eliminates irregulaties in
decision making (Souder. 1980:32). For a planning and
problem solving process in which there 1s no measurement
scale to validate the result. Saaty also argues that paired
comparison is the appropriate tcchnigque (Saaty., 1980:6). In

the absence of specific quantitative measures, Lawshe and
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Balma state that the pairwise comparison technique is one of
the best measures of successful performance. Uniike other
structured group decision-making approaches, a formal value
assessment method such as the paired comparison method '"is
used to bridge vocabularies and lend credibility to each
individual 's rankings' (Souder, 1975:680).

The paired comparison technique, nominal-interaction
process, and scoring model mechanisms enhance decision
making and provide a systematic approach in obtaining
consensus, provide an audit trall, and provide an effective
communication and decision making device sufficiently
rigorous to focus discussion on the alternatives rather than
the process used to derive the alternatives (Harrington.
1989:13; 1991:91). The tools are simple and easy to
implement, yét sufficiently rigorous to solicit individual
and group Jjudgements in a systematic manner (Harrington.
1889:15). For example, the ordinal rankings produced from
multiple objectives can then be used as inputs to multible
objective mathematical programming models, such as goal
programming (Harrington, 1989:195).

Moore and Baker (1969) conducted a computational
analysis to compare the behavior of multiple criteria
scoring models to that of economic and linear programming
models. Using an analytical approach. their goal was to
investigate whether scoring models, given the same input
data and alternatives, provide results consistent with those

of the other models. Both additive and multiplicative
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indices for computing the scoring models were investigated.
Their analyses revealed first that the rank-correlation
coefficients were high enough to confirm the assertions of
Brandenberg (1964):
that a significant and positive correlation
exlists between the project rankings by the scoring
model and those resulting from the economic and linear
programming models. (Moore and Baker, 1969:B -219)
Second., their analyses found that ". . . the additive
scoring model i1ndex consistently provided a higher degree of
rank~order consistency than the multiplicative index (Moore
and Baker, 1969:B-220). Third, the additive index actively
incorporated all observations including those at both
extremes of the scale. while the multiplicative index
favored alternatives which received average rankings (Moore

and Baker, 1969:B-220).

Qutline of Methodology

The methodology, as shown in Figure 14, was instituted
in four phases. During the preliminary phase, problem
definition., population definition., and sample selection were
accomplished.

During the second phase, paired comparison surveys ‘j.re
administered to the sample groups. This required two
separate days of field work. The first day involved
criteria selection. nominal group interactive p'ncess (open
discussion with individual selection) to dev=21lop surface
transportation system design attributes. and a paired

comparison survey to weight the criter.a. The researcher
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START

Problem Definition

Define Population

Select Sample Size
(determine expertise required)

Overview Briefing

Select the Criteria
(nominal group interactive process)

Weight the Criteria
(paired comparison technique)

Select the Attributes
(nominal group interactive technique)

Compare the Attributes for each Criteria
(paired comparison technique)

Scoring Model - Attribute Rank Order
(weight attributes to all criteria)
Data Analysis
(nonparametric statistics)

Case Study Analysis
(logistics concept(s) feasibility)

Compile Final Report

Figure 14. Methodology Procedure

then coded the survey responses into a prioritization matrix

to derive the weighted score and significance level for each

criteria.

On the second day. an attribute paired comparison

survey was completed for each criteria that achieved a

minimum consensus weighted level (explained later in this

chapter) .

87




During the third phase, the researcher transcribed the
survey responses into a scoring model to weight the
attributes and perform a statistical analysis of the rank-
order probability distributions. Phase four culminated the
methodology with a case study analysis which evaluated the
strengths and weaknesses of the three proposed liquid
propellant logistics concepts based upon the weighted
attributes.

The methodology was designed as a decision aiding tool
to provide: 1) qualitative surface transportation
performance criteria and system design attributes from
expert field operators: 2) reliable information to
transportation planners to communicate with Army Logistics
Center (LOGCEN) and Training and Doctrine Command (TRADOC)
planners concerning logistics concept performance; and 3)
consensus input to the logistics concept selection process.

Preliminary Phase. This phase problem included

definition of the management problem., population definition
from which to draw the sample group, and selection of the
sample size.
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